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ones 



(57) Provided are an outer-diameter blade, an 
inner-diameter blade and cutting machines using both 
blades for cutting hard material, and a core drill and a 
core-drill processing machine for forming a hole into 
hard material, whereby the mechanical processing with 
reduction in the cutting and/or contact resistance to the 
tools is realized, so that in the case of the outer-dia- 
mond blade, tt is prevented from occurring that a to-be- 
cut object is warped and put into contact to the blade to 
cause chipping; in the case of the inner-diameter blade, 
it is prevented from occurring that the blade is bowed 
and/or a cutting surface is curved; and in the case of the 
core drill, not only are grinding powder of a workpiece 
and loosed -off abrasive grains effectively removed to 
prevent those from being loaded between the drill and 
the workpiece, but neither of cracking and chipping 
occur when the drill passes through the workpiece. 

An outer-diameter blade comprises: a metal base 
plate having a disk-like shape; a diamond abrasive grain 



tip portion provided along an outer peripheral part of the 
metal base plate and diamond abrasive grain layers 
formed on side surfaces of the metal base plate, 
wherein an outer end face of the tip portion is shaped as 
an angled protrusion. 

An inner-diameter blade comprises: a hollow base 
plate having a disk-like shape; a diamond abrasive grain 
tip portion provided along an inner peripheral part of the 
hollow base plate; and an abrasive grain layer formed 
on side surfaces of the hollow base plate, wherein an 
outer end face of the tip portion is shaped as an angled 
protrusion. 

A core drill comprises: a shank; a base metal sec- 
tion having a cup-like shape constructed of a disk-like 
top wall and a cylindrical side wall provided on a fore- 
end of the shank; a grinding stone portion mounted on 
an outer end part of the base metal section; and abra- 
sive grain layers formed on inner/outer side surfaces of 
the cylindrical side wall of the base metal section. 
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Description 

BACKGROUND OF THE INVENTION 
5 1 . Field of the Invention: 

[0001] The present invention relates to an outer-diameter blade, an inner-diameter blade and cutting machines which 
respectively use the outer-diameter blade and the inner-diameter blade for cutting hard material, such as metal, ceram- 
ics, semiconductor single crystal, grass, quartz crystal, stone, asphalt or concrete, and a core drill and a core-drill 
io processing machine which drives the core drill for forming a hole in the hard material. 

2. Description of the Related Art 

[0002] A conventional outer-diameter blade and a cutting machine using the conventional outer-diameter blade will 

is be described with reference to FIGs. 1 8 to 21 . 

[0003] A conventional outer-diameter blade 10, as shown in FIG. 18, is constructed of: a metal base plate 12 having 
a disk-like shape, which is rotating at a high speed; and a tip portion 14 formed abng the outer peripheral part thereof, 
in which portion diamond abrasive grains or CBN abrasive grains are fixed to the outer peripheral part by metal bonding, 
resin bonding or electroplating. A numerical mark 16 indicates a shaft hole which is formed in the central part of the 

20 metal base plate 12. A numerical mark 18 indicates a cutting machine and is provided with a rotation drive section 20 
which includes drive means such as a motor and a rotary shaft 22 connected to the rotation drive section 20 (FIGs. 
19(a) and 19(b)). 

[0004] When a to-be-cut object or a workpiece G in a shape, such as a plate; a rod or a tube made of hard material, 
such as glass, ceramics, semiconductor single crystal, quartz crystal, stone, asphalt or concrete, is cut using a conven- 
es tional outer-diameter blade, there has arisen a problem, because the cutting progresses in the following way: A shape 
of the tip portion 1 4 of the outer-diameter blade 1 0 is channel-like or of a Greek letter n in section one end of which has 
an opening facing the metal base plate 1 2 and the other end of which is fiat (FIG. 1 8(c)) and therefore, as cutting of the 
to-be-cut object G by the outer-diameter blade 10 progresses, cutting resistance arises between the to-be-cut object G 
and the outer-diameter blade 10 (FIG. 20(a)). 
30 [0005] Since the cutting resistance simultaneously acts in two ways: in one way the workpiece G is warped, and in 
the other way the metal base plate 1 2 of the outer-diameter blade 1 0 is bowed, the to-be-cut object G is put into contact 
with a side surface 12a of the metal base plate 12 and as a result, chipping (a phenomenon that cracking or flaking 
occur on a cutting surface of the to-be-cut object G) occurs (FIG. 20(b)). 

[0006] Besides, a cutting surface M is curved due to bowing (FIG. 21 (b)) of the metal base plate 1 2 of the outer-diam- 
3$ eter blade 10 taking place during cutting operation and eventually when the cutting is completed, the tip portion of the 
outer-diameter blade turns aside (FIG. 21(c)) and a burr N remains at a cut-off end of the to-be-cut object G (FIG. 
21(d)). 

[0007] Then, a conventional inner-diameter blade and a cutting machine using the inner-cutting blade will be 
described with reference to FIGs. 26 to 28. 

40 A conventional inner-diameter blade 1 10, as shown in FIGs. 26 to 28, is constructed of: a base plate 114 (for example 
a thin metal base plate having a doughnut like shape) with a central hole 112 formed in a central part which rotates at 
a high speed; and a tip portion 116 formed along an inner peripheral part thereof, abrasive grains (cutting grains) of 
which portion are fixed to the inner peripheral part by metal bonding, resin bonding or electroplating. 
[0008] In FIG. 27, a numerical mark 120 indicates a conventional cutting machine and the machine 120 is equipped 

45 with a rotary shaft 126 which is mounted to the base table 122 in a rotatable manner with a bearing member 124 inter- 
posed therebetween. A rotary cylinder 130 is mounted on the top of the rotary shaft 126. The rotary cylinder 130 is con- 
structed of a circular bottom plate 130a and a cylindrical side plate 130b vertically set on the bottom plate 130a. 
[0009] A grinding liquid waste route 128 is formed lengthwise as a hole through the central part of the rotary shaft 126 
and further through the central part of the bottom plate 130a of the rotary cylinder 130 and the grinding liquid which is 

so made to flow and falls down on the bottom plate 130a during the cutting is discharged through the waste route. An inner- 
diameter blade 1 10 of a structure shown in FIGs. 26 (a) and 26(b) is mounted on the upper end of the outer peripheral 
portion of the cylindrical side plate 130b with a mounting plate 132 interposed therebetween. 

[0010] A numerical mark 134 indicates a motor and a motor pulley 138 is attached to a motor shaft 136. A pulley 140 
is mounted in a lengthwise middle part of the rotary shaft 126 in a corresponding manner to the motor pulley 138. A 
55 numeral mark 142 indicates a drive belt and the belt is extended between the motor pulley 138 and the pulley 140. 
When the motor is driven, the motor shaft 136 is rotated, the rotation is transmitted to the rotary shaft 126 through the 
motor pulley 138. the drive belt 142 and the pulley 140. and the rotary shaft 126 is eventually rotated. 
[0011] The rotary cylinder 130. the mounting plate 132 and the inner-diameter blade 1 1 0 are rotated in company with 
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rotation of the rotary shaft 126. By putting the to-be-cut object G into contact with the tip portion in rotation, the work- 
piece G is cut by the tip portion 116. Numerical marks 144 and 146 indicate bearings attached to outer side wall part of 
the rotary shaft 126. 

[0012] When a to-be-cut object G in a shape, such as a plate, a rod or a tube made of hard material, such as glass, 
5 ceramics, semiconductor single crystal, quartz crystal, stone, asphalt or concrete, is cut using a conventional inner- 
diameter blade while the to-be-cut object G is held by a work holder H, there has arisen a problem, because the cutting 
progresses in the following way: A cutting resistance arises between the workpiece G and the inner-cfi ameter blade 1 1 0 
as the cutting progresses. Since the cutting resistance acts so as to bow the inner-diameter blade 1 10, the to-be-cut 
object G is put into contact with a side surface of the inner-diameter blade 110, which further causes a mechanical con- 
10 tact resistance. 

[0013] The cutting resistance and the contact resistance cooperate with each other to an adverse effect, so that the 
inner-diameter blade 1 10 is bowed more as shown in FIG. 28 (c) and as a result, a cutting surface of the to-be-cut object 
G is curved as observed after the cutting is finished. The inner-diameter blade 110 which has once been bowed in such 
a way does not restore its original shape and a to-be-cut object G which comes next is always finished in the cutting so 

is as to have a curved cutting surface of the to-be-cut object G due to the existing deformation of the blade. 

[0014] In a conventional core drill 212, as shown in FIG. 29, which is a tool, a base metal section 216 having a cup- 
like shape constructed of a disk-like top wall 216a and a cylindrical side wall 216b is provided on a fore-end of a shank 
214 made of steel, which acts as a rotary shaft; a grinding stone portion 218 is mounted on an outer end part of the 
base metal section 216, whose abrasive grains are fixed to the outer end part of the base metal section 216 by metal 

20 bonding, resin bonding or electroplating; and not only are the shank 214, the base metal section 216 and the grinding 
stone portion 21 8 rotated by drive means such as a motor, but the grinding stone portion 218 is put into contact with a 
workpiece W so that the workpiece W can be ground through to form a circle hole in section leaving a cylindrical core 
therein. 

[0015] A through-hole 222 along an axis of the shank 214 of the core drill 212 is formed therein in order to supply a 
25 grinding liquid 220 to a working area in grinding. For example, when a workpiece W of glass or the like is ground, the 
grinding liquid 220, which is fed through the through-hole 222. passes through gaps between the surfaces of the outer 
end face and side surfaces of the grinding stone portion 218, and the workpiece W, during which passage the grinding 
liquid 220 not only cools the grinding region but washes away grinding powder of the workpiece W produced by grinding 
and abrasive grains loosed off from the grinding stone portion 218 (hereinafter also simply referred to as workpiece 
30 powder and the like) and the grinding Bquid 220 is discharged together with the workpiece power. By such an action of 
the grinding liquid 220, not only is a drBling speed of the core drill 212 increased but a lifetime of the grinding stone por- 
tion 2 1 8 is extended. 

[0016] However, when a hole forming is performed in a workpiece W made of glass and the like with a comparatively 
large thickness using the conventional core drill 212, there has arisen a problem since adverse effects as follows occur: 

35 As grinding progresses and a hole depth increases, the grinding liquid 220 receives very large resistance to flow 
through the gaps between the fore-end part of the grinding stone portion and the working surface of the workpiece W. 
In such a case, a flow rate of the grinding liquid supplied through the through-hole 222 is rapidly decreased because of 
limitation on a supply pressure thereof, so that a cooling effect and cleaning action of the grinding liquid 220 cannot be 
exerted and thereby, powder of glass and loosed -off abrasive grains (workpiece powder and the like) 224 causes load- 

40 ing on working side surfaces 226a and 226b, inner and outer, of the workpiece W and the surfaces of the inner/outer 
sides of the grinding stone section 218of the core drill 212 (FIG. 30). With such loading on the surfaces, a cutting ability 
of the core drill 212 is decreased and thereby, the core drill 212 quicWy decreases its drilling speed. 
[0017] In order to solve such a problem, there has been adopted the following process, in which drilling is continued 
till the outer end part of the grinding stone portion 218 progresses down to a depth a little larger than a height of the 

45 grinding stone portion 218; after the core drill 212 is temporarily stopped, the core drill 212 is extracted from the work- 
piece; powder of glass and loosed-off abrasive grains (workpiece powder and the like) 224 loaded on working side sur- 
faces 226a and 226b, inner and outer, of the workpiece W and the surfaces of the inner/outer sides of the grinding stone 
portion 218 of the core drill 212 are removed; and then the drilling is restarted. For this reason, there has been arisen 
another problem, since a drilling time required is longer and thereby a cost is increased. 

so [0018] Furthermore, since the face of the outer end face of the grinding stone portion 218 of the conventional core 
drill 212 is of a flat surface, stresses arise in the workpiece such as glass across a broad area R confronting the outer 
end face of the grinding stone portion 218 through which the grinding stone portion 218 passes (hereinafter referred to 
as pass-through area) on completion of the hole forming (FIG. 31). As a result, there has arisen still another problem in 
a conventional drilling technique, since the defects such as cracks and indentation caused by chipping are easy to be 

55 generated in a broader pass-through area R than a drill diameter, which entails deterioration in quality. 

[001 9] While there have generally been employed an outer-diameter Wade, an inner-diameter blade, a core drill which 
are provided with a tip portion or a grinding stone portion, in which diamond abrasive grains of the highest hardness 
available for cutting of and hole forming in hard material are used, when a material that has stickiness such as metal is 
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cut, a diamond tip portion and a diamond grinding stone portion get higher in temperature and as a result, the diamond 
tip portion and the diamond grinding stone portion have chances to burn due to the high temperature. In such cases, 
there have especially preferably been employed a CBN outer-diameter blade, a CBN inner-diameter blade and a CBN 
core drill that are respectively provided with CBN tip portions and a CBN grinding stone portion, which are inferior to 
5 diamond in hardness but superior to diamond in heat resistance. 

[0020] CBN is a boron nitride having a sphalerite crystal structure in a cubic system and alternatively called borazon. 
Since CBN not only is excellent in heat resistance, but also is the second to diamond in hardness, CBN is well used in 
various kinds of tools and as loose abrasive grains. 

10 SUMMARY OF THE INVENTION 

[0021 ] The present inventors have conducted a serious study to solve the problems that the above described conven- 
tional outer-diameter blade has had and as a result, have found that when a shape of the outer end face of a tip portion 
is changed to an angled protrusion instead of a flat surface, cutting resistance is decreased and an apex angle of the 
is angled protrusion at the outer end face of the tip portion is preferably set in the range of 45° to 120°, in which range the 
cutting resistance is satisfactorily decreased. 

[0022] The present inventors have further found that by forming abrasive grain layers on a side of a metal base plate 
of the outer-diameter blade, chipping produced when a workpiece is warped and thereby caused to be in contact with 
the outer-diameter blade, due to cutting resistance during cutting can be prevented from occurring and besides, the 

20 outer-diameter blade can be prevented from being turned aside on completion of the cutting by a curved working sur- 
face produced due to bowing of the outer-diameter blade, so that a burr at a cut-off end corner can further be prevented 
from occurring. The present inventors have completed the present invention on the basis of the above findings. 
[0023] It is a first object of the present invention to provide an outer-diameter blade and a cutting machine using the 
same by which cutting resistance during cutting can well be decreased, chipping produced when a workpiece is warped 

25 by receiving cutting resistance during cutting and put into contact with the outer-diameter blade can be prevented from 
occurring and further, phenomena are prevented from occurring that the outer-diameter blade is turned aside and a burr 
is produced on completion of the cutting. 

[0024] The present inventors have conducted a serious study to solve the problems that the above described conven- 
tional inner-diameter blade has had and as a result, has found that when abrasive grain layers are formed on sides of 
30 a hollow base plate of the inner-diameter blade and grinding by the abrasive grain layers is exerted in addition to a cut- 
ting action of a tip portion dedicated for cutting in the course of the cutting, not only is cutting resistance between the 
to-be-cut object and the inner-diameter blade well decreased, but mechanical contact resistance between both is 
greatly reduced. The present invention has been made being based on the findings. 

[0025] It is a second object of the present invention to provide an inner-diameter blade and a cutting machine using 
35 the same, by which, in cutting operation, cutting resistance between a to-be-cut object and the inner-diameter blade and 
mechanical contact resistance therebetween can simultaneously be reduced to a great extent and an inconvenience 
can. as a result, be prevented from occurring that the inner-diameter blade is bowed during the cutting and in turn, a 
cutting surface of the workpiece is curved. 

[0026] It is a third object of the present invention, which is directed to solve the above described problems of a con- 
40 ventional core drill, to provide a core drill and a core drill processing machine in which the core drill is driven, by which 
workpiece powder and the like produced in grinding and loosed-off abrasive grains loaded between the core drill and a 
workpiece are effectively removed constantly through all the cutting operation and thereby, not only is a cutting time 
required shortened but neither cracking nor chipping occurs when the core drill pass through the workpiece. 
[0027] In order to achieve the first object, an outer-diameter blade comprises: a metal base plate having a disk-like 
45 shape; a tip portion, which is provided along an outer peripheral part of the metal base plate, and whose abrasive grains 
are fixed to the outer peripheral part; and an abrasive grain layer, which is formed on a side surface of the metal base 
plate, whose abrasive grains are fixed on a side surface of the metal base plate inwardly from the tip portion, wherein 
an outer end face of the tip portion is shaped as an angled protrusion. 

[0028] It is preferable that a height of the abrasive grain layer in the thickness direction of the metal base plate is lower 
so than that of a side part of the tip portion, that is a thickness of the abrasive grain layer is a little, for example by the order 
of 0.05 mm. smaller than that of the tip portion, relative to a surface of the metal base plate. 

[0029] It is preferable that diamond abrasive grains included in the abrasive grain layer are finer in size than those 
included in the tip portion: for example, abrasive grains finer than # 1 70 or as one exemplary size # 200. 
[0030] The abrasive grain layer may be formed across all a side surface of the metal base plate or on a part thereof. 
55 When the abrasive grain layer is formed on a part of a side of the metal base plate, there is no specific limitation on a 
way of forming the abrasive grain layer, but various ways of forming, such as a spiral, a vortex, a radiating pattern, a 
multiple concentric circle pattern and a multiple dot scatter pattern can selectively be adopted. 

[0031] As abrasive grains included in the tip portion, diamond abrasive grains and/or CBN abrasive grains can be 
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employed. The abrasive grain layer is constituted of diamond abrasive grains and/or another type of abrasive grains. As 
other types of abrasive grains, there can be named: SiC. Al 2 0 3 , Zr0 2 . Si 3 N 4 , CBN and/or BN. 

[0032] An apex angle of the angular protrusion at the outer end face of the tip portion is preferably set in the range of 
45° to 120 °, or more preferably in the range of 60° to 90°. 

s [0033] If the apex angle of the outer end face at the tip portion is less than 45°, cutting resistance is reduced, but fric- 
tion received by the tip portion is increased and thereby, a lifetime of an outer-diameter blade is shortened correspond- 
ing to the increase in the friction, while rf the apex angle exceeds 120°, an effect to reduce the cutting resistance is 
diminished, but a action and an effect of the present invention are still secured in this angle range. 
[0034] As a hard material that is an object for cutting with the outer-diameter blade, there can be named: metal, glass, 

io ceramics, semiconductor single crystal, quartz crystal, stone, asphalt, concrete and the like. In a more detailed manner 
of description, various kinds of glass can be named, that is: quartz glass, soda lime glass, borosiiicate glass, lead glass 
and the like. 

[0035] As ceramics, rn a more detailed manner of description, there can be named: SiC rod. alumina rod and the like 
and as semiconductor single crystal, there can be named: silicon single crystal, gallium arsenide single crystal and the 
75 like. 

[0036] An outer-diameter blade cutting machine comprising an outer-diameter blade described above and a rotation 
drive section for rotating the outer-diameter blade at a high speed can cut any of to-be-cut objects made of a hard mate- 
rial described above in a state of reduced cutting resistance and thereby, not only can chipping but a burr can be pre- 
vented from occurring. 

20 [0037] In order to achieve the second object, an inner-diameter blade of the present invention comprises: a hollow 
base plate having a disk-like shape in which a hollow section is formed; a tip portion, which is provided along an inner 
peripheral part of the hollow base plate, and whose abrasive grains are fixed to the inner peripheral part; and an abra- 
sive grain layer formed on a side surface of the hollow base plate, whose abrasive grains are fixed to a side surface of 
the hollow base plate. 

25 [0038] It is preferable that a height of the abrasive grain layer in the thickness direction of the metal base plate is lower 
than that of a side part of the tip portion, that is a thickness of the abrasive grain layer is a little, for example by the order 
of 0.05 mm, smaller than that of the tip portion, relative to a surface of the metal base plate. 

[0039] It is preferable that diamond abrasive grains included in the abrasive grain layer are finer in size than those 
included in the tip portion: for example, abrasive grains finer than # 1 70 or as one exemplary size # 200. 
30 [0040] The abrasive grain layer may be formed across all a side surface of the metal base plate or on a part thereof . 
When the abrasive grain layer is formed on a part of a side of the metal base plate, there is no specific limitation on a 
way of forming the abrasive grain layer, but various ways of forming, such as a spiral, a vortex, a radiating pattern, a 
multiple concentric circle pattern and a multiple dot scatter pattern can selectively be adopted. 

[0041] As abrasive grains included in the tip portion, diamond abrasive grains and/or CBN abrasive grains can be 
35 employed. The abrasive grain layer is constituted of diamond abrasive grains and/or another type of abrasive grains. As 
other types of abrasive grains, there can be named: SiC, Al 2 0 3 , ZrOg. Si 3 N 4 , CBN and/or BN. 

[0042] The outer end face of a tip portion is preferably shaped as an angled protrusion. An apex angle of the angular 
protrusion at the outer end face of the tip portion is preferably set in the range of 45° to 120 °, or more preferably in the 
range of 60° to 90°. 

40 [0043] As a hard material that is an object for cutting with the inner-diameter blade, there can be named similar mate- 
rial of those in the case of the outer-diameter blade described above. 

[0044] An inner-diameter blade cutting machine comprising an inner-diameter blade described above and a rotation 
drive section for rotating the inner-diameter blade at a high speed can cut any of to-be-cut objects made of a hard mate- 
rial described above in a state of reduced cutting resistance and thereby, not only can bending of the inner-diameter 

45 blade but a curved cutting surface of the to-be-cut object can be prevented from occurring. 

[0045] In order to achieve the third object, a core drill of the present invention comprises: a shank; a base metal sec- 
tion having a cup-like shape constructed of a disk-like top wall and a cylindrical side wall provided on a fore-end of the 
shank; a grinding stone portion mounted on an outer end part of the base metal section, whose abrasive grains are 
fixed to the outer end part of the base metal section; and abrasive grain layers formed on inner/outer side surfaces of 

so the cylindrical side wall of the base metal section, whose abrasive grains are fixed to the inner/outer side surfaces of 
the cylindrical side wall thereof, wherein the grinding stone potion is put into contact with a workpiece while rotating and 
thereby the workpiece is ground through to form a circle hole in section leaving a cylindrical core therein. 
[0046] As abrasive grains included in the abrasive layers, abrasive grains finer in size than those induded in the grind- 
ing stone portion are preferably employed. 

55 [0047] There is no specific limitation on a pattern of the abrasive grain layer, but a spiral pattern is preferable. By form- 
ing the pattern of the abrasive grain layer, grinding powder of the workpiece is further pulverized into finer particles, the 
finer grinding powder is thus discharged through gaps between the core drill and the workpiece and a supply/discharge 
amount of grinding liquid is sufficiently secured, which enables efficient grinding to be realized. 
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[0048] A shape of the outer end face of the grinding stone portion is formed so as to be of an angled protrusion and 
thereby, defects caused by cracking and chipping and the like which are produced when the core drill passes through 
the workpiece can be drastically decreased. An apex angle of the angled protrusion at the outer end face of the grinding 
stone portion is preferably set in the range of 45° to 120°. 

5 [0049] As abrasive grains included in the grinding stone portion, diamond abrasive grains and/or CBN abrasive grains 
can be employed. The abrasive grain layer is constituted of diamond abrasive grains and/or another type of abrasive 
grains. As other types of abrasive grains, there can be named: SiC, Al 2 0 3 , Zr0 2 . Si 3 N 4 , CBN and/or BN. 
[0050] A core drill processing machine of the present invention comprises: (a) a body of a core drill processing 
machine including a work table on which a workpiece is placed, and a rotary shaft, which is disposed above the work 

io table, and which can be moved toward or away from the work table while freely rotating relative to the work table; and 
(b) a core drill which can be mounted on the rotary shaft 

[0051] As the body of the core drill processing machine, a construction can be adopted which comprises: a frame; a 
work table, which is placed at the central part of an upper surface of the frame, and on which a workpiece is disposed, 
a support which is disposed at the peripheral part of the frame and a rotary shaft which is freely moved upward or down- 
rs ward and freely rotated while being held by the support. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0052] 

20 

FIGs. 1(a), 1(b) and 1(c) are views showing one embodiment of an outer-diameter blade of the present invention, 
FIG. 1(a) is a front view of the outer-diameter blade, FIG. 1(b) is a sectional view taken on line A - A of FIG. 1(a) 
and FIG. 1 (c) is a side view in outline illustrating a tip portion; 

FIGs. 2(a) and 2(b) are partially sectional side views illustrating a cutting machine mounted with an outer-diameter 
25 blade of the present invention, FIG. 2(a) is a view showing a state before cutting a to-be-cut object and FIG. 2(b) is 
a view showing a state during cutting of the to-be-cut object; 

FIGs. 3(a) and 3(b) are views showing states of a to-be-cut object during cutting by an outer-diameter blade of the 
present invention, FIG. 3(a) is a view showing a state of stresses which a workpiece receives and FIG, 3(b) is a 
view showing a state in which a to-be-cut object is put into contact with both sides of a metal base plate of the outer- 

30 diameter blade and the to-be-cut object is ground by abrasive grain layers; 

FIGs. 4(a). 4(b) and 4(c) are partially enlarged sectional views illustrating states of a to-be-cut object during cutting 
by an outer-diameter blade of the present invention, FIG. 4(a) is a view showing a state in which cutting resistance 
is small. FIG. 4(b) is a view showing a state in which an outer-diameter blade is not bowed, a cutting surface is not 
curved and therefore, no phenomenon arises that the outer -diameter blade is turned aside and FIG. 4(c) is a view 

35 showing a state in which no burr is generated on a cutting surface of the to-be-cut object which is observed after 
the cutting is finished; 

FIGs. 5(a) and 5(b) are views showing a first embodiment of an inner-diameter blade of the present invention, FIG. 
5(a) is a front view of the inner-diameter blade of the present invention and FIG. 5(b) is a sectional view taken on 
line A - A of FIG. 5(a). 

40 FIG. 6 is a side view in outline illustrating one example of a cutting machine mounted with an inner-diameter blade 
of the present invention; 

FIGs. 7(a). 7(b) and 7(c) are partially sectional views illustrating a cutting machine mounted with an inner-diameter 
blade of the present invention, FIG. 7(a) is a view showing a state in which a to-be-cut object is cut. FIG. 7(b) is a 
view showing a state when cutting of the to-be-cut object is finished and FIG. 7(c) is a view showing a state of a 
45 part of the inner-diameter blade after the cutting is finished; 

FIGs. 8(a) and 8(b) are views showing a second embodiment of an inner-diameter blade of the present invention, 
FIG. 8(a) is a front view of the inner-diameter blade of the present invention and FIG. 8(b) is a sectional view taken 
on line A -A of FIG. 8(a); 

FIGs. 9(a) and 9(b) are views showing a third embodiment of an inner<iiameter blade of the present invention, FIG. 
so 9(a) is a front view of the inner-diameter blade of the present invention and FIG. 9(b) is a sectional view taken on 
line A- A of FIG. 9(a); 

FIG. 10 is a front view showing a fourth embodiment of an inner-diameter of the present invention; 
FIG. 1 1 is a front view showing a fifth embodiment of an inner-diameter of the present invention; 
FIG. 12 is a front view showing a sixth embodiment of an inner-diameter of the present invention; 
55 FIGs. 13(a), 13(b), 13(c) and 13(d) are views showing one embodiment of a core drill of the present invention. FIG. 
13(a) is a front view, FIG. 13(b) is vertical sectional view, FIG. 13(c) is a bottom view and FIG. 13(d) is an enlarged 
view in outline showing a grinding stone portion; 

FIG. 14 is a sectional view illustrating a state in which a hole is formed in a workpiece and grinding is in progress 
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by a core drill of the present invention; 

FIG. 15 is a sectional view illustrating a state in which the grinding further progresses from a state of FIG. 14 till just 
before the grinding is finished; 

FIG. 16 is a front view of a core drill processing machine of the present invention; 
5 FIG. 1 7 is a side view of the core drill processing machine of the present invention; 

FIGs. 18(a), 18(b) and 18(c) are views showing one example of a conventional outer-diameter blade. FIG. 18(a) is 
a front view of the conventional outer-diameter blade, FIG. 1 8(b) is a sectional view taken on line B - B of FIG. 1 8(a) 
and FIG. 1 8(c) is a view in outline illustrating of a tip portion; 

FIGs. 19(a) and 19(b) are partial sectional views illustrating a cutting machine mounted with a conventional outer- 
io diameter blade, FIG. 1 9(a) is a view showing a state before a to-be-cut object is cut and FIG. 1 9(b) is a view show- 
ing a state during cutting of the to-be-cut object; 

FIGs. 20(a) and 20(b) are partial sectional views showing states during cutting of the to-be-cut object by the con- 
ventional outer-diameter blade. FIG. 20(a) is a view showing a state of stresses which the to-be-cut object receives 
and FIG. 20(b) is a view showing a state in which the to-be-cut object is put into contact with both sides of a metal 

75 base plate of the outer-diameter Wade; 

FIGs. 21 (a). 21 (b), 21 (c) and 21 (d) are views showing states during cutting of the to-be-cut object by a conventional 
outer-diameter blade. FIG. 21(a) is a view showing a state in which cutting resistance is large, FIG. 21(b) is a view 
showing a state in which the outer-diameter blade is bowed and a curved cutting surface is produced. FIG. 21 (c) is 
a view showing a state when cutting of the to-be-cut object is finished and FIG. 21(d) is a view showing a state in 

20 which a burr has been generated on a cutting surface of the to-be-cut object, as observed after the cutting is fin- 
ished. 

FIG. 22 is a graph showing a change in current a motor for rotation of an outer-diameter blade during cutting in 
Examples 1 to 3 and Comparative Example 1 ; 

FIG. 23 is a graph showing a change in current a motor for rotation of an outer-diameter blade during cutting in 
25 Examples 4 to 6; 

FIG. 24 is a graph showing a change in current a motor for rotation of a CBN blade during cutting in Examples 10 
to 12 and Comparative Example 2; 

FIG. 25 is a graph showing a change in current a motor for rotation of a CBN blade during cutting in Examples 13 
to 15; 

30 FIGs. 26(a) and 26(b) are views showing one example of a conventional inner-diameter blade, FIG. 26(a) is a front 
view of the conventional inner<liameter blade and FIG. 26(b) is a sectional view taken on line B - B of FIG. 26(a); 
FIG. 27 is a side view in outline showing one example of a cutting machine mounted with a conventional inner- 
diameter blade; 

FIGs. 28(a), 28(b) and 28(c) are partial sectional views illustrating a conventional cutting machine mounted with a 
35 conventional inner-diameter blade. FIG. 28(a) is a view showing a state in which a workpiece is cut. FIG. 28(b) is a 
view showing a state when cutting of the workpiece is finished and FIG- 28(c) is a view showing a state of a part of 
the inner-diameter blade, as observed after the cutting is finished; 

FIGs. 29(a), 29(b) and 29(c) are views showing one example of a conventional core drill, FIG. 29(a) is a front view, 
FIG. 29(b) is a vertical sectional view and FIG. 29(c) is a bottom view; 
40 FIG. 30 is a sectional view illustrating a state in which hole forming is performed in a workpiece by a conventional 
core drill; and 

FIG. 31 is a sectional view showing a state in which grinding further progresses from the state of FIG. 30 till just 
before the grinding is finished. 

<s DETAILED D ESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0053] Below, description will be made of an embodiment of an outer-diameter blade of the present invention with ref- 
erence to FIGs. 1 to 4 of the accompanying drawings. In FIGs. 1 to 4, the same members as or similar members to 
those of FIGs. 18(a). 18(b) and 18(c) to FIGs. 21(a), 20(b). 20(c) and 20(d) are sometimes indicated by the same ref- 
50 erence marks. 

[0054] In FIG. 1 . an outer-diameter blade 1 1 of the present invention, as in a conventional way, is constructed of: a 
metal base plate 12 having a disk-like shape, which is rotating at a high speed; and a tip portion 15 formed along the 
outer peripheral part thereof, whose abrasive grains are fixed to the outer peripheral part by metal bonding, resin bond- 
ing or electroplating. A numerical mark 16 indicates a shaft hole which is formed in the central part of the metal base 
55 plate 12. A numerical mark 18 indicates an outer-diameter blade cutting machine and. similar to conventional one. is 
provided with a rotation drive section 20 and a rotary shaft 22 (FIGs. 2(a) and 2(b)). 

[0055] A first feature of an outer-diameter blade 1 1 of the present invention is that as a sectional shape of the tip por- 
tion 15, as shown in FIG. 1(c), an outer end face is constituted of an angular protrusion of an apex angle e. With this 
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shape, cutting resistance is reduced, as shewn in FIG. 4(a), compared with a case of a conventional f latfore-end shape. 
[0056] An apex angle of the angled protrusion of the fore-end face of the tip portion 15 is preferably set in the range 
of 45° to 1 1 20°. If the apex angle is less than 45°, cutting resistance is smaller, but friction by the tip portion 15 increases, 
which causes a lifetime of the outer-diameter blade 11 to be reduced corresponding to increase in the friction. On the 
5 other hand, if the apex angle exceeds 120°. the cutting resistance decreases corresponding to increase in the apex 
angle, but the action and effect of the present invention is still exerted and achieved, as in the case of the apex angle in 
the specified range. 

[0057] The apex angle is more preferably set in the range of 60° to 90°. In the mean time, in the example shown in 
the figure, a case of 0 = 90° is shown as a preferred example. 

w [0058] A second feature of an outer-diameter blade of the present invention, as shown in FIG. 1(a) and 1(b), is that 
abrasive layers 1 3 are formed on side surfaces 1 2a of the metal base plate 1 2 of the outer-diameter blade 1 1 . 
[0059] By providing the abrasive grain layer 13. when a to-be-cut object G is put into contact with the outer-diameter 
blade 1 1 during the processing due to warpage of the to-be-cut object G. chipping can be prevented from occurring, 
which a conventional outer-diameter blade has been unable to avoid. 

15 [0060] Besides, since both side surfaces 12a of the metal base plates of the outer-diameter blade 1 1 are covered by 
abrasive grains to form a abrasive layer 13, the outer-diameter blade 11 is reinforced by the abrasive layer 13 and 
thereby, there arises no chance for the outer-diameter blade 1 1 is bowed during cutting. Hence, a cutting surface is not 
formed to be curved, no phenomenon takes place that the outer-diameter blade 1 1 is turned aside when the cutting is 
finished and in addition, a burr is perfectly prevented from occurring (FIGs. 4(a), 4(b) and 4(c)). 

20 [0061 ] A size of abrasive grains that are used in the tip portion of an outer-diameter blade 11 of the present invention 
may be of the order of # 170 as conventional. On the hand, a size of abrasive grains of the abrasive grain layer 13 is 
preferably finer than abrasive grains of the tip portion 1 5, for example of the order # 200. 

[0062] It is preferable that a height of the abrasive grain layer 13 in the thickness direction of the metal base plate is 
lower than that of a side part of the tip portion 15. H the height of the abrasive grain layer 13 is higher than that of the 

25 side part of the tip portion 1 5, there arises a disadvantage to make a cutting operation itself difficult. 

[0063] The abrasive grain layer 13 may be formed across either all side surfaces of the metal base plate 12 or on a 
part thereof. When the abrasive grain layer 13 is formed on parts of the respective sides of the metal base plate 12. 
there is no specific limitation on a way of forming the abrasive grain layer, but various ways of forming, such as a spiral, 
a vortex, a radiating pattern, a multiple concentric circle pattern and a multiple dot scatter pattern can selectively be 

30 adopted. 

[0064] As a hard material that is an object for cutting with the outer-diameter blade 1 1 , there can be named: metal, 
glass, ceramics, semiconductor single crystal, quartz crystal, stone, asphalt concrete and the like. 
[0065] As metals, in a detailed manner of description, there can be named: magnetic materials such as a stainless 
steel rod, a stainless steel pipe and ferrite, as semiconductor single crystal, there can be named: silicon single crystal. 
35 gallium arsenide single crystal and the like, as ceramics, there can be named: rods, pipes, blocks, plates and the like of 
SiC. alumina and as glass, there can be named: quartz glass, soda lime glass, borosilicate glass, lead glass and the 
like. 

[0066] Then, description will be made of embodiments of an inner-diameter blade of the present invention with refer- 
ence to FIGs. 5(a) and 5(b) to FIG. 12 of the accompanying drawings. 

40 [0067] An inner-diameter blade 1 1 1 of the present invention, as shown in FIGs. 5(a) and 5(b) to FIGs. 7(a), 7(b) and 
7(c). is constructed of: a base plate 1 15 (for example a thin metal base plate having a doughnut like shape, of a thick- 
ness of about 1 00 to 200um, for example) with a central hole 113 formed in a central part which rotates at a high speed; 
and a tip portion 1 17 formed along an inner peripheral part thereof, abrasive grains (cutting abrasive grains) of which 
portion are fixed to the inner peripheral part by metal bonding, resin bonding or electroplating. 

45 [0068] In FIG. 6, a numerical mark 121 indicates an inner-diameter blade cutting machine of the present invention 
and since the machine has the same structure as that of the conventional cutting machine 120 shown in FIG. 25 with 
the exception that the inner-diameter blade 1 1 1 of the present invention is mounted thereon, second description relating 
to the machine is not given. As in the case of FIG. 25, the inner-diameter blade 1 1 1 is rotated by driving a motor 134 
and a to-be-cut object G is put into contact with the tip portion 1 1 7 in rotation and thereby, the to-be-cut object G is cut 

so by the tip portion 117. 

[0069] A feature of an inner-diameter blade 1 1 1 of the present invention, as well shown in FIGs. 5(a) and 5(b), abra- 
sive grains (grinding abrasive grains) are fixed on side surfaces 1 15a of the base plate 1 1 5 of the inner-diameter blade 
1 1 1 by metal boding, resin bonding, electroplating or the like to form abrasive grain layers 118. 
[0070] By the abrasive grain layers thus provided, when the inner-diameter blade 1 1 1 is bowed by receiving cutting 
55 resistance during cutting to be put into contact with a to-be-cut object G, mechanical contact resistance, which has con- 
ventionally not been able to be avoided by a conventional inner-diameter blade, can greatly be reduced since the con- 
tact part of the to-be-cut object G is ground by the abrasive grain layers 118. 

[0071] Besides, since the abrasive grain layers 1 18 are formed so as to cover both side surfaces 1 15a of the base 
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plate 1 15 of the innerndiameter blade 111, the inner-diameter blade 1 1 1 is covered by the abrasive grain layers 118, 
therefore its mechanical strength is increased and the inner-diameter blade 1 1 1 has no chance to be bowed during cut- 
ting, so that a cutting surface is not formed so as to be curved (FIGs. 7(a), 7(b) and 7(c)). 

[0072] A size of abrasive grains used for the inner-diameter blade 1 1 1 of the present invention may be of the order of 

s # 1 70 as in a conventional way, for use in the tip portion 1 1 7. On the other hand, a size of abrasive grains for use in 1he 
abrasive grain layer 1 18 is preferably finer than those for use in the tip portion 1 17, for example about # 200. 
[0073] A height that is a thickness, (ranged roughly from 40 to 1 40fim) of the abrasive grain layer 1 1 8 in the thickness 
direction of the metal base plate is preferably lower than a height, that is a thickness, (ranged from 50 to ISOjxm) of a 
side part of the tip portion 1 1 7. If the height of an abrasive grain layer 1 1 8 exceeds the height of a side of the tip portion, 

io there arises a disadvantage of difficulty in operation. 

[0074] The abrasive grain layers 1 1 8 may be formed across all the side surfaces 1 15a of the base plate 11 5, but can 
be formed in parts thereof. When the abrasive grain layer is formed on a part of a side of the metal base plate, there is 
no specific limitation on a way of forming the abrasive grain layer, but various ways of forming, such as a multiple dot 
scatter pattern (FIG. 8(a)). a multiple concentric circle pattern (FIG. 9(a)). a spiral or vortical pattern (FIGs. 1 0 and 11), 

is a radiating pattern (FIG. 12) and the like can selectively be adopted. 

[0075] While a sectional shape of the tip portion 1 1 7 of an inner-diameter blade 1 1 1 of the present invention may be 
a flat shape of the outer end face as shown in FIG. 5(b) and FIG. 7(c), the sectional shape is preferably of an angular 
protrusion whose apex has an angle 6 like a shape shown in FIG. 1 (c). With such a sectional shape, cutting resistance 
decreases as in the case of an outer-diameter blade 1 1 shown in FIG. 4(a), compared with a conventional flat shape of 

20 the outer end face. 

[0076] An apex angle of the angled protrusion at the outer end face of the tip portion 1 17 is preferably set in the range 
of 45° to 120°. If the apex angle 6 is less than 45°, cutting resistance is smaller, but friction by the tip portion 117 
increases, which causes a lifetime of the inner-diameter blade 1 1 1 to be reduced, corresponding to increase in the fric- 
tion. On the other hand, if the apex angle 6 exceeds 120°, an effect to decrease cutting resistance is diminished, corre- 
25 sponding to increase in the apex angle while the action and effect of the present invention is still exerted and achieved, 
as in the case of the apex angle in the specified range. The apex angle is more preferably set in the range of 60° to 90°. 
[0077] As a hard material that is an object tor cutting with the inner-diameter blade, there can be named similar mate- 
rial of those in the case of the outer-diameter blade described above. 

[0078] Then, description will be made of an embodiment of a core drill of the present invention with reference to FIGs. 
30 13(a). 13(b), 13(c) and 13(d) to FIG. 17 of the accompanying drawings. 

[0079] In FIGs. 13(a), 13(d), 13(c) and 13(d) to FIG. 17, the same as and similar members of those in FIGs. 29(a). 
29(b) and 29(c) to FIG. 31 are sometimes indicated by the same reference marks, 

[0080] As shown in FIGs. 13(a), 13(b), 13(c) and 13(d), a core drill 21 1 of the present invention, as in a conventional 
case, comprises: a steel shank 214 acting as a rotary shaft, a base metal section 216 having a cup-like shape con- 

35 structed of a disk-like top wall 216a and a cylindrical side wall 216b provided on a fore-end of a shank 214; a grinding 
stone portion 217 mounted on an outer end part of the base metal section 216. whose abrasive grains are fixed to the 
fore-end part of the base metal section. The core drill 21 1 constitutes the core drill processing machine 240 by mount- 
ing on the body 242 of a core drill processing machine 240 and the core drill processing machine 240 is driven to rotate 
the shank 214, the base metal section 216 and the grinding stone portion 217. The grinding stone portion 217, while 

40 rotating, is put into contact with a workpiece W so that the workpiece W can be ground through to form a circle hole in 
section leaving a cylindrical core therein. 

[0081 ] A through-hole 222 along an axis of the shank 214 of the core drill 21 1 is formed in the central part of the shank 
in order to supply a grinding liquid 220 to a working area in grinding through the through-hole 222, which is a similar 
construction of a conventional case. 

45 [0082] A first feature of an core drill 21 1 of the present invention is that abrasive grain layers 230a and 230b are 
formed on inner/outer side surfaces of a cylindrical side wall 216b of the base metal section 216. whose abrasive grains 
are f ixed to the inner/outer side surfaces of a cylindrical side wall thereof by metal bonding, resin bonding, electroplating 
or the like. By providing the abrasive grain layers, grinding powder of the workpiece is further pulverized into finer par- 
ticles, the finer grinding powder is discharged through gaps between the cylindrical side wall 216b of the core drill 21 1 

so and the workpiece W and a supply/discharge amount of grinding liquid 220. thereby, is sufficiently secured, which ena- 
bles efficient grinding to be realized. 

[0083] A size of abrasive grains used in the grinding stone portion 21 7 of a core drill 21 1 of the present invention may 
be of the order of # 1 70 as in a conventional case. On the other hand, a size of the abrasive grain layers 230a and 230b 
is preferably finer than abrasive grains of the grinding stone portion 21 7, say # 200 for example. 
55 [0084] There is no specific limitation on a way of forming the abrasive grain layer as far as grinding powder of the work- 
piece can further be pulverized into finer particles and the finer grinding powder is discharged through gaps between 
the cylindrical side wall 216b and the workpiece W, but a spiral pattern is preferably formed as shown in FIGs. 13(a). 
13(b). 13(c) and 13(d) to FIG. 15. 
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[0085] A second feature of a core drill 21 1 of the present invention is that a sectional shape of the grinding stone por- 
tion 217, as shown in FIG. 13(b). the outer end face has an angular protrusion whose apex has an angle 9. With such 
a shape, cutting resistance can be reduced compared with a flat shape of the outer end part in a conventional way and 
a pass-though area h of the workpiece W through which the core drill 21 1 pass is narrower than a pass-through area R 
5 encountered in a conventional way, which can make generation of defects such as cracks and indentations after chip- 
ping on the pass-through of the core drill reduced greatly. 

[0086] An apex angle e of an angular protrusion at the fore-end face of the grinding stone portion 217 is preferably 
set in the range of 45° to 1 20°. H the apex angle is less than 45°. cutting resistance is smaller, but friction by the grinding 
stone portion 217 increases, which entails a shorter lifetime, while if the apex angle 6 exceeds 120°, an effect to 
io decrease cutting resistance is smaller corresponding to increase in apex angle, but the action and effect of the present 
invention is achieved in an unchanged manner. 

[0087] The apex angle 6 is more preferably set in the range of 60° to 90°. Incidentally, in the example of the figure, a 
case of e = 90° is shown as a preferred example. 

[0088] Then, description will be made of a core drill processing machine 240 mounted with a core drill 21 1 of the 

75 present invention with reference to FIGs. 16 and 17. 

[0089] A core drill processing machine 240 comprises: the body 242 of the core drill processing machine 240; and a 
core drill 211. The body 242 of the core drill processing machine is provided with a frame 244. A work table support 
base 247 on which a work table 246 is fixedly placed is centrally provided on the top surface of the frame 244. A work- 
piece W of glass, for example quartz glass, is fixedly placed on the top surface of the work table 246 with the help of a 

20 workpiece attaching plate 245 interposed therebetween. 

[0090] A support 248 is vertically mounted at the peripheral part of the frame 244. A long guide 250 is attached on 
an inner side surface of the support 248 along a vertical direction. A support block 254 is, in a vertically movable man- 
ner, mounted to the long guide 250 with the help of a slide bearings 252 interposed therebetween. 
[0091] A numerical mark 256 indicates a motor for moving the core drill 21 1 upward or downward. The motor 256 is 

25 attached to the lower surface of a plate 258 that is provided on a side surface of the support 248. A ball screw 260 is 
rotatably connected to the motor 256. A numerical mark 262 indicates a spindle support that is mounted to the top end 
part of the ball screw 260 and one end of the spindle support 262 is connected to the support block 254. A through-hole 
264 is formed in the central part of each of the support blocks 254 with the through-holes opening upward and down- 
ward and a rotary shaft 266 is freely rotatably inserted through the through-hole 264. A numerical mark 268 indicates 

30 a pulley and the pulley 268 is attached to a rotary block 270 fixed to the rotary shaft 266 above the support block 254. 
The core drill 21 1 is fixed to the lower end part of the rotary shaft 266 in a demountable manner. 
[0092] Accordingly, when the motor is driven to rotate, the ball screw 260 is rotated, the spindle support 262 is moved 
upward or downward in company of the rotation, the support block 254, the rotary shaft 266 and the core drill 21 1 are 
moved upward or downward in concert with the movement of the spindle support 262. 

35 [0093] A numerical mark 272 indicates a motor for rotating the core drill 21 1 and attached to the top part of the support 
248. A motor pulley 276 is fixed to a motor shaft 274 of the motor 272. The motor pulley 276 and the pulley 268 are 
wound over by a pulley belt 278. 

[0094] Therefore, rotation of the motor 272 is transmitted to the rotary shaft 266 through the motor shaft 274, the 
motor pulley 276, the pulley 268 and the rotary block 270 and the rotary shaft 266 is rotated. Incidentally, a numerical 

40 mark 280 incficates a cover member, which covers the motor pulley 276, the pulley belt 278 and the pulley 268. 

[0095] The top part of the rotary shaft 266 is connected to a grinding liquid supply pipe 284 by way of a rotary joint 
282. The grinding liquid 220 which is fed through the grinding liquid supply pipe 284 is supplied to a working area in 
grinding through the through-hole 222 along the axis as described above (FIGs. 14and 15). Anumerical mark 286 indi- 
cates a manual hand for moving the rotary shaft 266 in a vertical direction. 

45 [0096] With a core drill processing machine, which has the above described construction, and in whose body 242 the 
core drill 21 1 is mounted, in use, the core drill 21 1 is rotated while moving upward or downward relatively to a workpiece 
such as quartz glass that is fixedly held on the work table 246 with the help of the workpiece attaching plate 245 and 
thereby, hole forming can be performed in the workpiece. 

[0097] As hard material that is an object for hole formation by a core drill 21 1 of the present invention, there can be 
so named hard material similar to in the case of an outer-diameter blade that is described above. 

[0098] In the mean time, when an outer-diameter Wade, an inner-diameter blade and a core drill available in a con- 
ventional technique each are used once in cutting of or hole forming in hard material, there arise inconveniences that 
they lose a tip portion or a grinding stone portion, in addition, bowing and bending are respectively generated in a hol- 
low base plate and a metal base section and furthermore, side surfaces of the blades and the metal base section are 
55 subjected to damaging. Therefore, a metal base plate, a hollow base plate and a metal base section are discarded once 
they have been used, though each of such parts is expensive and occupies a large percent of production cost of the 
respective tools. 

[0099] When abrasive grain layers are respectively formed on side surfaces of a metal base plate, side surfaces of a 
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hollow base plate and inner and outer side surface of a cylindrical side wall of a metal base section as in the above 
described constructions of an outer-diameter blade, an inter-diameter blade or a core drill of the present invention, by 
the presence of such abrasive grain layers, the metal base plate, the hollow base plate and the metal base section are 
reinforced and not only are bowing and bending avoided from occurring but also the side surfaces of the tools are pre- 
5 vented from damaging. 

[0100] Therefore, the metal base plate, the hollow base plate and the metal base section each maintain its before- 
use performance figures even after use. Hence, when a used metal base plate, a used hollow base plate and a used 
metal base section are recycled and tip portions and a grinding stone portion which are lost are again formed and, as 
complete tools, mounted to the machines in place, a recycled outer-diameter blade, a recycled inner-diameter blade 
io and a recycled core drill serve each with no much difference in performance from that of a new one and in this way, recy- 
cling can be realized, which largely contributes to reduction in production cost. 

[0101] Below description will be made of production of an outer-diameter blade of the present invention and cutting 
using an outer-diameter blade cutting machine mounted with the outer-diameter blade of the present invention, being 
based on examples. 



75 



35 



Example 1 



[0102] In order to produce an outer-diameter blade of the present invention, a diamond tip portion of a thickness 1 .3 
mm, a width 7 mm and using diamond abrasive grains of a mesh number #170 was formed, while sintering, on a metal 

20 base plate of an outer-diameter 300 mm and a thickness 1 .0 mm by metal bonding, the outer end face of the diamond 
tip portion was shaped to be of an apex angle 90° and an electroplated layer of a thickness 0.1 mm and composed of 
diamond abrasive grains of a mesh number # 200 was formed as far as 80 mm inward from the diamond tip portion. 
Thus produced outer-diameter blade was used to cut a quartz glass rod of an outer diameter 80 mm. 
[0103] Detection of cutting resistance: a motor is used for rotating an outer-diameter blade and when cutting resist- 

25 ance occurs and acts on the outer-diameter blade, a load is imposed on the rotation motor and therefore a current value 
flowing through the motor is increased. The current value can be measured to detect a magnitude of cutting resistance. 
[01 04] In order to detect cutting resistance, values of the current of a motor for rotating the outer-diameter blade were 
respectively measured at cutting depths of 5 mm, 10 mm, 15 mm, 20 mm, 30 mm, 40 mm, 60 mm and 80 mm and 
results are shown in Table 1 . Further, numerals shown in Table 1 are also shown as a graph in FIG. 22. As seen from 

30 Table 1 and FIG. 22, as cutting progressed, the current was increased. While the maximum cunerrt value was meas- 
ured at the central part of the quarts glass rod, increase in current value when the maximum was detected was not large 
and therefore the cutting resistance was indicated to be generally small. 

[0105] After the cutting was finished, cutting surfaces were observed and neither of occurrences of chipping, a burr 
and bowing were found. 



Comparative Example 1 



[01 06] In order to produce an outer-diameter blade for comparison, a conventional type diamond tip portion of a thick- 
ness 1 .3 mm, a width 7 mm and using diamond abrasive grains of a mesh number #170 was formed, while sintering, 
40 on a metal base plate of an outer-diameter 300 mm and a thickness 1 .0 mm by metal bonding. Thus produced outer- 
diameter blade was used to cut a quartz glass rod of an outer diameter 80 mm. 

[0107] In order to detect cutting resistance, values of the current of motor for rotating the outer-diameter blade were 
measured and results were as shown in Table 1 and FIG. 22. As cutting progressed, the current was increased and the 
maximum current value was measured at the central part of the quarts glass rod. 
45 [0108] A cutting surface of the quartz rod was observed when the cutting was finished and chipping occurred on the 
cutting surface. Besides, a burr was generated at a cut-off end of a cutting surface and the cutting surface was curved 
by 1 mm as the maximum deviation. Further, a side surface of the outer-diameter blade was observed and a damage 
was found at a contact point with the quartz glass rod. 

so Example 2 

[0109] In order to produce an outer-diameter blade, a diamond tip portion of a thickness 1 .3 mm, a width 7 mm and 
using diamond abrasive grains of a mesh number #170 was formed, while sintering, on a metal base plate of an outer- 
diameter 300 mm and a thickness 1 .0 mm by metal bonding, the outer end face of the diamond tip portion was shaped 
55 to be of an apex angle 125° and an electroplated layer of a thickness 0.1 mm and composed of diamond abrasive grains 
of a mesh number # 200 was formed as far as 80 mm inward from the diamond tip portion. Thus produced outer-diam- 
eter blade was used to cut a quartz glass rod of an outer diameter 80 mm. 

[0110] Values of the current to detect cutting resistance were as shown in Table 1 and FIG. 22. The maximum value 
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of the current was between the maximums of Example 1 and Comparative Example 1 . A cutting surface of the quartz 
glass rod was observed after the cutting was finished, neither of occurrences of indentations caused by chipping and 
burrs were found but the cutting surface was curved by 0.3 mm as the maximum deviation. 

5 Example 3 

[011 1] In order to produce an outer-diameter blade, a diamond tip portion of a thickness 1.3 mm, a width 7 mm and 
using diamond abrasive grains of a mesh number #170 was formed, while sintering, on a metal base plate of an outer- 
diameter 300 mm and a thickness 1.0 mm by metal bonding, the outer end face of the diamond tip portion was shaped 
10 to be of an apex angle 40° and an electroplated layer of a thickness 0.1 mm and composed of diamond abrasive grains 
of a mesh number # 200 was formed as far as 80 mm inward from the diamond tip portion. Thus produced outer-diam- 
eter Wade was used to cut a quartz glass rod of an outer diameter 80 mm. 

[01 1 2] Values of the current to detect cutting resistance were as shown in Table 1 and FIG. 22. The maximum value 
of the current was same as the maximum of Example 1 . A cutting surface of the quartz glass rod was observed after 
is the cutting was finished, neither of occurrences of indentations caused by chipping and burrs were found and the cutting 
surface was not curved either. However, the outer end face of the diamond tip portion was greatly consumed and the 
apex part was worn to lose by 1 mm. 



20 Table 1 



Change in current of motor for rotating diamond outer-diameter blade during cutting 


(Unit : A) 


Cutting depths 


Example 1 


Comparative Example 1 


Example 2 


Example 3 


5 mm 


3.5 


3.7 


3.6 


3.4 


10 mm 


3.8 


4.2 


4.0 


3.7 


15 mm 


4.2 


5.2 


4.6 


4.1 


! 20 mm 


4.5 


6.1 


5.2 


4.4 


30 mm 


4.7 


6.7 


5.7 


4.6 


40 mm 


5.2 


7.2 


6.2 


5.2 i 


60 mm 


4.8 


6.8 


5.8 


4.6 


80 mm 


3.2 


3.2 


3.2 


3.2 



Example 4 

40 [0113] In order to produce an outer-diameter blade, a diamond tip portion of a thickness 1.3 mm. a width 7 mm and 
using diamond abrasive grains of a mesh number # 1 70 was formed, while sintering, on a metal base plate of an outer- 
diameter 300 mm and a thickness 1.0 mm by metal bonding, the outer end face of the diamond tip portion was shaped 
to be an apex angle 90° and an electroplated layer of a thickness 0.1 mm and composed of diamond abrasive grains of 
a mesh number # 200 was formed as far as 80 mm inward from the diamond tip portion. Thus produced outer-diameter 

45 blade was used to cut a SiC rod of an outer diameter 60 mm. 

[01 14] In order to detect cutting resistance, values of the current of motor for rotating the outer-diameter blade were 
measured and results were as shown in Table 2 and FIG. 23. As cutting progressed, the current was increased. While 
the maximum current value was measured at the central part of the SiC rod, increase in current value when the maxi- 
mum was detected was not large and therefore the cutting resistance was indicated to be generally small. 

so [0115] After the cutting was finished, cutting surfaces were observed and neither of occurrences of chipping, a burr 
and bowing were found. 

Example 5 

55 [01 16] In order to produce an outer-diameter blade, a diamond tip portion of a thickness 1.3 mm. a width 7 mm and 
using diamond abrasive grains of a mesh number #170 was formed, while sintering, on a metal base plate of an outer- 
diameter 300 mm and a thickness 1.0 mm by metal bonding, the outer end face of the diamond tip portion was shaped 
to be of an apex angle 90° and an electroplated layer of a thickness 0.1 mm and composed of diamond abrasive grains 



13 



BNSDQCIP <EP_ Q9B5505A2 I > 



EP 0 985 505 A2 



of a mesh number # 200 was formed as far as 80 mm inward from the diamond tip portion. Thus produced outer-diam- 
eter blade was used to cut an alumina rod of an outer diameter 60 mm. 

[0117] In order to detect cutting resistance, values of the current of motor for rotating the outer-diameter blade were 
measured and results were as shown in Table 2 and FIG. 23. As cutting progressed, the current was increased. While 
5 the maximum current value was measured at the central part of the alumina rod, increase in current value when the 
maximum was detected was not large and therefore the cutting resistance was indicated to be generally small. 
[01 18] After the cutting was finished, cutting surfaces were observed and neither of occurrences of chipping, a burr 
and bowing were found. 

io Example 6 

[0119] In order to produce an outer-diameter blade, a diamond tip portion of a thickness 1.3 mm. a width 7 mm and 
using diamond abrasive grains of a mesh number #170 was formed, while sintering, on a metal base plate of an outer- 
diameter 300 mm and a thickness 1 .0 mm by metal bonding, the outer end face of the diamond tip portion was shaped 
15 to be of an apex angle 90° and an electroplated layer of a thickness 0.1 mm and composed of diamond abrasive grains 
of a mesh number # 200 was formed as far as 80 mm inward from the diamond tip portion. Thus produced outer-diam- 
eter blade was used to cut a gallium arsenide single crystal rod of an outer diameter 50 mm. 

[01 20] In order to detect cutting resistance, values of the current of motor for rotating the outer-diameter blade were 
measured and results were as shown in Table 2 and FIG. 23. As cutting progressed, the current was increased. While 
20 the maximum current value was measured at the central part of the gallium arsenide rod, increase in current value 
when the maximum was detected was not large and therefore the cutting resistance was indicated to be generally 
small. 

[0121] After the cutting was finished, cutting surfaces were observed and neither of occurrences of chipping, a burr 
and bowing were found. 

25 



Table 2 



Change in current of motor for rotating diamond outer-diam- 
eter blade during cutting 


(Unit : A) 


Cutting depths 


Example 4 


Example 5 


Example 6 


5 mm 


3.5 


3.3 


3.6 


10 mm 


3.8 


3.6 


3.9 


15 mm 


4.2 


4.0 


4.3 


20 mm 


4.5 


4.2 


4.7 


30 mm 


4.7 


4.5 


4.6 


40 mm 


4.5 


4.2 


3.9 


60 mm 


3.2 


3.2 


3.2 



45 Examples 7 to 9 

[0122] Cutting operations were conducted similar to the case of Example 1 with the exception that a soda lime glass 
rod. a lead glass rod and a quartz crystal rod were employed instead of a quartz glass rod and results were respectively 
similar to those of Example 1 . 

50 

Example 10 

[0123] An outer-diameter blade was produced similar to in Example 1 with the exception that a CBN tip portion was 
formed using CBN abrasive grains of a mesh number # 170 and an electroplated layer including CBN abrasive grains 
55 of a mesh number # 400 was applied. Thus produced outer-diameter blade was used to cut a stainless steel rod of an 
outer diameter 80 mm. 

[0124] Cutting resistance was measured similar to in Example 1 and results are shown in Table 3. Numerical values 
shown in Table 3 are also shown in FIG. 24 as a graph. As can be seen from table 3 and FIG. 24, as cutting progresses, 
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a value of the current is increased. While the maximum current value was measured at the central part of the stainless 
steel rod, increase in current value when the maximum was detected was not large and therefore the cutting resistance 
was indicated to be generally small. 

[0125] After the cutting was finished, cutting surfaces were observed and neither chips, a burr and bow were found 

5 

Comparative Example 2 

[0126] An outer-diameter blade was produced similar to Comparative Example 1 with the exception that a CBN tip 
portion was formed using CBN abrasive grains of a mesh number # 170 and the CBN outer-diameter blade was used 
io to cut a stainless steel rod of an outer diameter 80 mm. 

[0127] In order to detect cutting resistance, values of the current of motor for rotating the CBN outer-diameter blade 
were measured and results were as shown in Table 3 and FIG. 24. As cutting progressed, the current was increased 
and the maximum current value was measured at the central part of the stainless steel rod. 

[0128] A cutting surface of the stainless steel rod when the cutting was finished was observed and chipping was 
75 found. Besides, a burr was found at a cut-off end of the cutting surface and the cutting surface was curved by 1 mm as 
the maximum deviation. A side of the CBN blade was observed and a damage had been produced at a contact point 
with the stainless steel rod. 

Example 1 1 

20 

[0129] An outer-diameter was produced similar to Example 2 with the exception that a CBN tip portion was formed 
using CBN abrasive grains of a mesh number # 170 and an electroplated layer using CBN abrasive grains of a mesh 
number # 400 was further applied and the Wade was used to cut a stainless steel rod of an outer diameter 80 mm. 
[0130] Values of the current to detect cutting resistance were as shown in Table 3 and FIG. 24. The maximum value 
25 of the current was between those of Example 10 and Comparative Example 2. A cutting surface was observed and nei- 
ther chips nor a burr was observed but the cutting surface was curved by 0.3 mm as the maximum deviation. 

Example 12 

30 [0131] An outer<Jiameter blade was produced similar to Example 3 with the exception that a CBN tip portion was 
formed using CBN abrasive grains of a mesh number # 1 70 and an electroplated layer using CBN abrasive grains of a 
mesh number # 400 was further applied and the blade was used to cut a stainless steel rod of an outer diameter 80 mm. 
[0132] Values of the current to detect cutting resistance were as shown in Table 3 and FIG. 24. The maximum value 
of the current was same as the maximum of Example 10. A cutting surface of the stainless steel rod was observed after 

35 the cutting was finished, neither chips nor a burr was observed and the cutting surface was not curved either. However, 
the outer end face of the CBN tip portion was greatly consumed and the apex part was worn to lose by 1 mm. 



Table 3 



Change in current of motor for rotating CBN outer-diameter blade during cutting 


(Unit : A) 


Cutting depths 


Example 10 


Comparative Example 2 


Example 1 1 


Example 12 


5 mm 


3.6 


3.8 


3.7 


3.5 


10 mm 


3.9 


4.3 


4.1 


3.8 


15 mm 


4.3 


5.3 


4.7 


4.2 


20 mm 


4.6 


6.2 


5.3 


4.5 


30 mm 


4.8 


6.8 


5.8 


4.7 


40 mm 


5.3 


7.3 


6.3 


5.3 


60 mm 


4.9 


6.9 


5.9 


4.7 


80 mm 


3.2 


3.2 


3.2 


3.2 
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Example 13 

[0133] An outer-diameter blade was produced similar to Example 4 with the exception that a CBN tip portion was 
formed using CBN abrasive grains of a mesh number # 1 70 and an electroplated layer using CBN abrasive grains of a 

s mesh number # 400 was further applied and the blade was used to cut an SiC rod of an outer diameter 60 mm. 

[0134] In order to detect cutting resistance, values of the current of motor for rotating the outer-diameter blade were 
measured and results were as shown in Table 4 and FIG. 25. As cutting progressed, the current was increased. While 
the maximum current value was measured at the central part of the SiC rod, increase in current value when the maxi- 
mum was detected was not large and therefore the cutting resistance was indicated to be generally small. After the cut- 

io ting was finished, cutting surfaces were observed and neither of occurrences of chipping and a burr were found and the 
cutting surface was not curved either. 

Example 14 

is [0135] An outer-diameter blade was produced similar to Example 5 with the exception that a CBN tip portion was 
formed using CBN abrasive grains of a mesh number # 1 70 and an electroplated layer using CBN abrasive grains of a 
mesh number # 400 was further applied and the blade was used to cut an alumina rod of an outer diameter 60 mm. 
[0136] In order to detect cutting resistance, values of the current of motor for rotating the outer-diameter blade were 
measured and results were as shown in Table 4 and FIG. 25. As cutting progressed, the current was increased. While 

20 the maximum current value was measured at the central part of the alumina rod, increase in current value when the 
maximum was detected was not large and therefore the cutting resistance was indicated to be generally small. After the 
cutting was finished, cutting surfaces were observed and neither of occurrences of chipping and a burr were found and 
the cutting surface was not curved either. 

25 Example 15 

[0137] An outer-diameter blade was produced similar to Example 6 with the exception that a CBN tip portion was 
formed using CBN abrasive grains of a mesh number # 1 70 and an electroplated layer using CBN abrasive grains of a 
mesh number # 400 was further applied and the blade was used to cut a gallium arsenide rod of an outer diameter 50 
30 mm. 

[0138] In order to detect cutting resistance, values of the current of motor for rotating the outer-diameter blade were 
measured and results were as shown in Table 4 and FIG. 25. As cutting progressed, the current was increased. While 
the maximum current value was measured at the central part of the gallium arsenide rod, increase in current value 
when the maximum was detected was not large and therefore the cutting resistance was indicated to be generally 
35 small. After the cutting was finished, cutting surfaces were observed and neither of occurrences of chipping and a burr 
were found and the cutting surface was not curved either. 



Table 4 



Change in current of motor for rotating CBN outer-diameter 
blade during cutting 


(Unit : A) 


Cutting depths 


Example 13 


Example 14 


Example 15 


5 mm 


3.6 


3.3 


3.6 


10 mm 


3.9 


3.6 


3.9 


15 mm 


4.3 


4.0 


4.3 


20 mm 


4.5 


4.2 


4.7 


30 mm 


4.8 


4.5 


4.6 


40 mm 


5.2 


4.2 


3.9 


60 mm 


4.9 


3.2 


3.2 



[0139] Below description will be made of production of an inner-diameter blade of the present invention and cutting 
using an inner-diameter blade cutting machine mounted with the inner-diameter blade of the present invention, being 
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based on examples. 
Example 16 

5 [0140] A hollow metal base plate having a doughnut like shape and a hollow section therein, and of an inner diameter 
220 mm, an outer diameter 700 mm and a thickness about 150 urn was prepared. A diamond abrasive grain (cutting 
abrasive grain) portion of a thickness 100 urn was formed along the inner peripheral part by electroplating and a dia- 
mond abrasive grain layers each of thickness about 90 fim were formed by electroplating up to 220 mm outward from 
the abrasive grain portion using diamond abrasive grains (grinding abrasive grains) finer than those for cutting. Thus 

10 produced inner-diameter blade was used to slice a silicon ingot of a diameter 200 mm to obtain 50 wafers. 

[0141] Wafers obtained by the slicing were measured on bow and results were such that the maximum was 20 fim 
and the minimum was 12 jim. Besides, a bow of the inner-diameter blade was also measured after the slicing to be 
found 20 \im. 

is Example 17 

[0142] An inner-diameter blade similar to one used in Example 16 was used to slice a quartz glass ingot of a diameter 
205 mm to obtain 30 disks each of a thickness 1 .5 mm. The quartz glass disks thus obtained were measured on bows 
and results were such that the maximum was 1 8 jim and the minimum was 1 0 urn. Further, a bow of the inner-diameter 
20 blade after the cutting was measured to be found 1 8 jim. 

Qprrparative Exqnple 3 

[0143] A hollow metal base plate having a doughnut like shape and a hollow section therein, and of an inner diamete- 
rs 220 mm, an outer diameter 700 mm and a thickness about 150 urn was prepared. A diamond abrasive grain (cutting 
abrasive grains) portion of a thickness 100 jim was formed along the inner peripheral part by electroplating. Thus pro- 
duced inner-diameter blade was used to slice a silicon ingot of a diameter 200 mm to obtain 50 wafers. 
[0144] Wafers obtained by the slicing were measured on bow and results were such that the maximum was 75 urn 
and the minimum was 45 jim. Besides, a bow of the inner-diameter blade was measured after the slicing to be found 
30 75 fim. 

Comparative Example 4 

[0145] An inner-diameter blade similar to one used in Comparative Example 3 was used to slice a quartz glass ingot 
35 of a diameter 205 mm to obtain 30 disks each of a thickness 1 .5 mm. The quartz glass disks thus obtained were meas- 
ured on bows and results were such that the maximum was 70 jim and the minimum was 40 urn. Further, a bow of the 
inner-diameter blade was measured after the slicing to be found 70 \xm. 

[0146] Below, description will be made of production of a core drill of the present invention and hole forming using a 
core drill processing machine mounted with the core drill of the present invention, being based on example. 

40 

Example 18 

[0147] A diamond core drill was produced in such a manner that a shank that was used to as a rotation shaft had a 
diameter of 30 mm; a through-hole formed in the shank along an axis thereof had a diameter of 5 mm; dimensions of a 

45 metal base section having a cup-like shape were an outer diameter of 98 mm, an inner diameter of 92 mm and a height 
of 125 mm; and 8 diamond grinding stone portion chips made of abrasive grains #120 and each of a thickness 5 mm, 
a width 1 5 mm, a height 1 0 mm and an apex angle 90° were fixedly formed at equiangular equal intervals along an outer 
end part of the metal base section through sintering by metal bonding. Spiral diamond abrasive layers each of a width 
5 mm and a thickness 0.5 mm were further formed on outer and inner side surfaces of the metal base section using 

so diamond abrasive grains of a size # 170 at an elevation angle 15° from the bottom plane of the grinding stone portion 
chips by electroplating. 

[0148] Thus produced diamond core drill was mounted on the body of a core drill processing machine to put the 
machine ready to use. A quartz glass disk of a diameter 200 mm and a thickness 100 mm was fixed on a table of the 
core drill processing machine with a soda lime sheet glass of a thickness 10 mm, having a larger diameter than quartz 
55 glass disk interposed therebetween, the quartz glass disk having been fixed on the soda lime sheet glass using wax 
through melting and solidification thereof. Hole forming was performed in the central part of the quartz glass disk to form 
a hole of a diameter 100 mm. Water as grinding liquid was continued to be poured in stream onto a working spot at a 
rate of 5 l/min during the processing from the through-hole of the shank. 
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[0149] A descend ng speed of the diamond core drill was set at 5 mrn/min to form a hole in the quartz grass disk. No 
loading of workpiece powder occurred in a gap between the diamond core drill and the quartz glass during processing 
and hole forming was satisfactorily finished. A time period required for the processing was 25 min. The quartz glass was 
separated from the soda lime glass sheet after the processing and was observed. Chipping was found only a little in a 
5 pass-through area of the diamond core drill: chipping occurred so slightly that it does not affect a quality of the quartz 
glass disk seriously. 

Comparative Example 5 

io [0150] A conventional core drill used in the comparative example was dimensionally same as that used in Example 
18 but no angular part was formed at the outer end face of each of the grinding stone portion chips and in addition, dia- 
mond abrasive grains were not electroplated on the metal base section having a cup-like shape, as shown in FIGs. 
29(a). 29(b) and 29(c) to FIG. 31. The conventional diamond core drill thus produced was mounted on the body of a 
core drill processing machine and was used to form a hole in a quartz glass disk with the same size as that of Example 

75 18 under the same conditions as those of Example 18. 

[01 51 ] While hole formation by the diamond core drill smoothly progressed in the first stage after start of the process- 
ing, loading of workpiece power occurred in a gap between the diamond core drill and the quartz glass around the time 
when a depth of the hole reached to 20 mm, thereby, a grinding speed was lowered and rotation of the diamond core 
drill was eventually stopped due to the loading. Then, a switch of the core drill processing machine was operated to turn 

20 off power supply, the diamond core drill was extracted from the quartz disk, the workpiece powder was removed and 
thereafter the processing was restarted. However, when the diamond core drill reached a depth of about 25 mm the drill 
was again stopped. The switch of the core drill processing machine was again operated to turn off power supply, the 
diamond core drill was extracted from the quartz glass disk, workpiece powder was removed and thereafter hole form- 
ing was restarted. Another two series of such special operations for removing workpiece powder from the fore-end part 

25 of the core drill were repeatedly to eventually complete the hole-forming after a long time elapsed from the start 

[0152] A time period required for the hole forming was about 100 min, which was longer than was in Example 18 by 
a factor of about 4. The quartz glass disk on which the processing was completed was observed after the soda lime 
glass sheet was separated off and as a result, large cracks and much of chipping were observed, which caused reduc- 
tion in quality. 

30 [0153] As described above, according to an outer-diameter blade and a cutting machine of the present invention, the 
following effects were achieved: cutting resistance to the blade during cutting can satisfactorily be decreased; chipping 
of a to-be-cut object is prevented from occurring which is caused by contact with the diamond blade due to warpage of 
the to-be-cut object, which is generated by cutting resistance which the blade receives during the cutting; a phenome- 
non of the diamond blade being turned aside when the cutting is finished is prevented from occurring; and a burr can 

35 be prevented from being generated. 

[0154] Further, according to an inner-diameter blade and a cutting machine of the present invention, there can be 
enjoyed a further effect: cutting resistance during cutting can sati sfa c to rily be reduced; thereby, the inner-diameter 
blade is prevented from being bent by receiving the cutting resistance during the cutting; and as a result, a curved cut- 
ting surface is prevented from being formed. 

40 [0155] Further, according to a core drill and a core drill processing machine of the present invention, there can be 
enjoyed a still further effect, which is great: grinding powder and loosed-off abrasive grains that are loaded between the 
core drill and a workpiece are effectively removed constantly during all the cutting operation and not only a time period 
of grinding is shortened, but defects, such as cracks, indentations caused by chipping and the like, are perfectly pre- 
vented from occurring when the core drill passes through the workpiece on completion of the processing. 

45 [0156] Obviously various minor changes and modifications of the present invention are possible in the light of the 
above teaching. It is therefore to be understood that within the scope of the appended claims the invention may be prac- 
ticed otherwise than as specifically described. 

Claims 

50 

1 - An outer-diameter blade comprising : 

a metal base plate having a disk-like shape; 

a tip portion, which is provided along an outer peripheral part of the metal base plate, and whose abrasive 
55 grains are fixed to the outer peripheral part; and 

an abrasive grain layer, which is formed on a side surface of the metal base plate, whose abrasive grains are 
fixed on a side surface of the metal base plate inwardly from the tip portion, 
wherein an outer end face of the tip portion is shaped as an angled protrusion. 
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2. An outer-diameter blade according to claim 1 , wherein the abrasive grain layer is lower in a thickness direction of 
the metal base plate than a side part of the tip portion. 

3. An outer-diameter blade according to claim 1 or 2, wherein abrasive grains included in the abrasive grain layer are 
s finer in size than those included in the tip portion 

4. An outer-diameter blade according to any of claims 1 to 3, wherein the abrasive grain layer is formed on a part of 
a side surface of the metal base plate. 

10 5. An outer-diameter blade according to any of claims 1 to 4, wherein the tip portion is constituted of diamond abrasive 
grains and/or CBN abrasive grains. 

6. An outer-diameter blade according to any of claims 1 to 5, wherein the abrasive grain layer is constituted of dia- 
mond abrasive grains and/or one or more of other types of abrasive grains. 

15 

7. An outer-diameter blade according to claim 6, wherein the other types of abrasive grains are SiC AI 2 Q 3 Zr0 2 
Si 3 N 4 , CBN and/or BN. 

8. An outer-diameter blade according to any of claims 1 to 7, wherein an apex angle of the angular protrusion at the 
20 outer end face of the tip portion is set in the range of 45° to 120°. 

9. An outer-diameter blade cutting machine comprising: 

an outer-diameter blade according to any of claims 1 to 8; and 
25 a rotation drive section for rotating the outer-diameter blade at a high speed. 

10. An inner-diameter blade comprising: 

a hollow base plate having a disk-like shape in which a hollow section is formed; 
30 a tip portion, which is provided along an inner peripheral part of the hollow base plate, and whose abrasive 

grains are fixed to the inner peripheral part; and 

an abrasive grain layer formed on a side surface of the hollow base plate, whose abrasive grains are fixed to a 
side surface of the hollow base plate. 



35 1 1 . An inner-diameter blade according to claim 1 0. wherein the abrasive grain layer is lower in a thickness direction of 
the metal base plate than a side part of the tip portion. 

12. An inner-diameter blade according to claim 10 or 11, wherein diamond abrasive grains included in the abrasive 
grain layer are finer in size than those included in the tip portion. 

40 

13. An inner-diameter blade according to any of claims 10 to 12. wherein the abrasive grain layer is formed on a part 
of a side surface of the hollow base plate. 

14. An inner-diameter blade according to any of claims 10 to 13, wherein the tip portion is constituted of diamond abra- 
45 sive grains and/or CBN abrasive grains. 

15. An inner-diameter blade according to any of claims 10 to 14, wherein the abrasive grain layer is constituted of dia- 
mond abrasive grains and/or one or more of other types of abrasive grains. 

so 16. An inner-diameter blade according to claim 15, wherein the other types of abrasive grains are SiC. A1 2 0 3 ZrO? 
Si 3 N 4 . CBN and/or BN. 

1 7. An inner-diameter blade according to any of claims 1 0 to 1 6, wherein the outer end face of the tip portion is shaped 
as an angled protrusion. 

55 

18. An inner-diameter blade according to claim 17, wherein an apex angle of the angled protrusion at the outer end 
face of the tip portion is set in the range of 45° to 1 20 °. 
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19. An inner-diameter blade cutting machine comprising: 



an inner-diameter blade according to any of claims 10 to 18; and 

a rotation drive section for rotating the inner-diameter blade at a high speed. 

5 

20. A core drill comprising: 

a shank; 

a base metal section having a cup-like shape constructed of a disk-like top wall and a cylindrical side wall pro- * 
io vided on a fore-end of the shank: 

a grinding stone portion mounted on an outer end part of the base metal section, whose abrasive grains are 
fixed to the outer end part of the base metal section; and 

abrasive grain layers formed on inner/outer side surfaces of the cylindrical side wall of the base metal section, 
whose abrasive grains are fixed to the inner/outer side surfaces of the cylindrical side wall thereof, 
»5 wherein the grinding stone portion is put into contact with a workpiece while rotating and thereby the workpiece 

is ground through to form a circle hole in section leaving a cylindrical core therein. 

21 . A core drill according to claim 20, wherein the abrasive grains included in the abrasive layers are finer in size than 
those included in the grinding stone portion. 

20 

22. A core drill according to claim 20 or 21, wherein an abrasive layer is formed in a spiral pattern. 

23. A core drill according to any of claims 20 to 22, wherein a shape of the outer end face of the grinding stone portion 
is formed as an angled protrusion. 

25 

24. A core drill according to claim 23, wherein an apex angle of the angled protrusion at the outer end face of the grind- 
ing stone portion is set in the range of 45° to 120°. 



25. A core drill processing machine comprising: 

30 

(a) a body of the core drill processing machine including a work table on which a workpiece is placed, and a 
rotary shaft, which is disposed above the work table, and which can be moved toward or away from the work 
table while freely rotating relative to the work table; and 

(b) a core drill according to any of claims 20 to 24 which is mounted on the rotary shaft. 

35 

26. A core drill processing machine comprising: 



(a) a body of the core drill processing machine including a frame; a work table, which is placed at the central 
part of an upper surface of the frame, and on which a workpiece is disposed, a support which is disposed at 

*o the peripheral part of the frame and a rotary shaft which is freely moved upward or downward and freely rotated 

while being held by the support; and 

(b) a core drill according to any of claims 20 to 24 which is mounted on the rotary shaft. 
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(57) Provided are an outer-diameter blade, an in- 
ner-diameter blade and cutting machines using both 
blades for cutting hard material, and a core drill and a 
core-drill processing machine for forming a hole into 
hard material, whereby the mechanical processing with 
reduction in the cutting and/or contact resistance to the 
tools is realized, so that in the case of the outer-diamond 
blade, it is prevented from occurring that a to-be-cut ob- 
ject is warped and put into contact to the blade to cause 
chipping; in the case of the inner-diameter blade, it is 
prevented from occurring that the blade is bowed and/ 
or a cutting surface is curved; and in the case of the core 
drill, not only are grinding powder of a workpiece and 
loosed-off abrasive grains effectively removed to pre- 
vent those from being loaded between the drill and the 
workpiece, but neither of cracking and chipping occur 
when the drill passes through the workpiece. 

An outer-diameter blade comprises: a metal base 
plate h aving a disk-like shape ; a diamond abrasive grain 



tip portion provided along an outer peripheral part of the 
metal base plate and diamond abrasive grain layers 
formed on side surfaces of the metal base plate, wherein 
an outer end face of the tip portion is shaped as an an- 
gled protrusion. 

An inner-diameter blade comprises: a hollow base 
plate having a disk-like shape; a diamond abrasive grain 
tip portion provided along an inner peripheral part of the 
hollow base plate; and an abrasive grain layer formed 
on side surfaces of the hollow base plate, wherein an 
outer end face of the tip portion is shaped as an angled 
protrusion. 

A core drill comprises: a shank; a base metal sec- 
tion having a cup-like shape constructed of a disk-like 
top wall and a cylindrical side wall provided on a fore- 
end of the shank; a grinding stone portion mounted on 
an outer end part of the base metal section; and abra- 
sive grain layers formed on inner/outer side surfaces of 
the cylindrical side wall of the base metal section. 
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